Numerical analyses have been carried out for the elastohydrodynamic lubrication (EHL) in line contacts under both fully flooded and starved conditions. The thermal effect and the Ree-Eyring non-Newtonian flow have been taken into account. The relation between the inlet meniscus and the thickness of the available lubricant layer has been investigated and it has been found that a very thin layer of available lubricant film on the moving surface is enough to fill the gap downstream the meniscus, making the contact work under a fully flooded condition. The pressures, film profiles, temperature distributions and the traction coefficients have been discussed. The thermal non-Newtonian results have been compared with the thermal and isothermal Newtonian results.
INTRODUCTION
Theoretical efforts on the mechanism of starved point contact EHL have been made recently by many researchers, for example, by Chevalier et al. [1] , and Damiens, et al. [2] . They used the thickness of the available oil layer on a surface as input parameter, and solved the Reynolds equation including a fractional film content to reflect the degree to which the film is filled with lubricant so that they can get the position of the air-oil meniscus in the inlet automatically. The significance of these works is that the degree of starvation can be connected quantitatively to the amount of available oil. It has been discovered through these works that, under severely starved conditions almost all available oil can pass through the contact and protect the surfaces from damage. In these works isothermal and Newtonian assumptions were used, however, the authors of this paper believe that thermal and non-Newtonian analyses will be helpful for a deeper understanding of the mechanism of starved EHL. As a preliminary step in this aspect, this paper deals with the relatively simple steady-state line contact problems.
SOLUTION
The mathematical model includes the generalized Reynolds equation [3] allowing the oil viscosity and density to vary in all directions, the constitutive equation of the Ree-Eyring fluid, the equations of the film thickness and load balance, the relations of the oil viscosity and density with pressure and temperature, and the energy equations of the film and solids. Numerical solution of these equations together with their boundary conditions was obtained with the multi-level technique for pressure and the numerical approaches developed previously by the authors for temperature and the equivalent viscosity of the Ree-Eyring fluid. It has been found that, in a starved EHL line contact if the thickness of the lubricant layer on a moving surface, h oil , is given as input parameter, the unknown position of the inlet meniscus of the film, x in , can be determined easily from the mass continuity condition; alternatively if x in is given as input parameter, h oil can also be determined easily from the mass continuity condition. Numerical procedures have been developed for both situations, and similar solution can be obtained for the same parameters.
RESULTS
The main input parameters common to all results in this extended abstract are Σ = 1.2, U = 2×10 Figure 1 shows the variations in h oil and h cen versus x in /b (h cen is the central film thickness, b the half width of the Hertzian contact). It can be seen that, as x in moves far away from the contact the value of h oil gently reaches a maximum. That is to say, a very thin layer of lubricant film on the moving surface, if its thickness is equal to or larger than this limitation, is enough to fill the gap downstream the meniscus, making the contact work under a fully flooded condition. The solutions also show that, for all values of x in /b, h oil can be expressed as
where can be considered as an equivalent density of the oil at the center of the contact, and 0 is the ambient density. Equation (1) shows that, the slide-roll ratio Σ plays an important role in the determination of the limitation of h * cen ρ ρ oil , i.e., when Σ is large enough, h oil can even be smaller than h cen , as shown in For x in = −3.6b, −1.25b, −1.1b, −1.04b, and −1.01b, the pressure distributions and the film profiles are plotted in the upper and lower parts of Figure 3 , respectively. It can be seen that, even in the most severely starved case, i.e., when x in = −1.01b, although the oil layer on the fast surface is less than 0.1 μm, the oil film still exists in the contact, because all oil can pass through the gap.
Obviously the constant value of h oil in Figure 1 is a criterion value for the fully flooded condition. This suggests that the "fully flooded", whose term we have used usually, means "over flooded". From this point of view, the lubrication of a contact should be divided into three types:
• Over flooded when h oil is larger than the criterion value;
• Fully flooded when h oil is equal to the criterion value;
• Starved when h oil is less than the criterion value. The above discussion also suggests that there is no essential difference of the lubrication mechanism between a fully flooded and a starved contact, because in both situations all available oil can pass through the contacts.
It can be concluded that, a) For a steady-state line contact at a heavy enough load, both under fully flooded and starved conditions, the ratio between the thickness of the available oil layer and the film thickness at the contact center is a constant, which relates only to the compression property of the oil and the slide-roll ratio; b) There exists a critical value of the thickness of the available oil layer, and this value is determined by the mass flux in the contact under the fully flooded condition. If the thickness of the available layer of oil exceeds this value, the extra oil cannot get into the contact, so such condition should be called "over flooded" condition; and c) Severe starvation only occurs when the air-oil meniscus is very close to the inlet boundary of the dry Hertzian contact, and the position of the meniscus is completely controlled by the thickness of the available oil layer.
